Introduction
Since the fifties, the earth's climate has undergone significant changes represented primarily by the warming due to greenhouse gas emissions, in close relationship with human activity. Among the consequences of these changes are noted for many countries: i) an increase of the temperature; ii) a decrease in precipitation, as well as the mass of ice sheets; iii) a rise in the level of the sea; and iiii) a scarcity of water resources. The countries of the Maghreb (Algeria, Morocco and Tunisia) have not been spared by the impact of these changes that negatively affect the most of their natural resources, including water resources. Locally, the basin of Essaouira, which is the object of this study is affected for several years, and this is reflected in the scarcity of water resources, increased salinity due to the invasion of sea water and increasing the salinity of the soil, degradation of the groundwater quality and the drying up of several sources.
Climate Change on a Global Scale
In its report of September 2013, the Intergovernmental panel on Climate change (IPCC) states that warming of the globe is, without a doubt, adding that human influence is the primary cause of this warming. Among the results of global warming, include:
+ The warming of the atmosphere: The last three decades are successively warmer at the earth's surface than all preceding decades since 1850. The average global temperature shows a warming of the order of 0.85˚C over the period 1880-2012 (Figure 1) . Precipitation has increased since 1901 in the continental regions of the mid-latitude in the northern hemisphere, as well as in the East of South America, while a decrease was recorded in the Sahel, Mediterranean, southern Africa and parts of south Asia (Figure 2 ) [1] .
+ The reduction of the surface area of the ice caps and glaciers: everywhere in the world, there is a reduction of the surface area of the ice caps, and ice cream. Over the past three decades, the range of annual average arctic sea ice has been decreasing at a rate of 3.5 to 4.1% per decade (Figure 3(a) ) [1] . + The increase in the level of the sea: since the early 1970s, the decrease in mass of glaciers and the thermal expansion of the oceans contribute to them only about 75% of the rise global mean sea level. Between 1901 and 2010, the increase in the average level of the sea has been estimated to be 19 cm (Figure 3(b) ) [1] .
Climate Change in the Maghreb
Like most countries of the world, the three countries of the Maghreb (Algeria, Morocco and Tunisia) have not been spared by climate change. For example, the north-west of Algeria has experienced a reduction of the order of 40% of annual rainfall from the first half of the 1970s. This reduction is accompanied by an increase in temperature. This change has affected the flow of the rivers of this region. According to the 4th IPCC report, the blades of water that have passed the annual averages for the period from 1976 to 2002 are from 28% to 36% lower than those of the period 1949-1976, and this reduction is attributed primarily to climate change. According to the national institute of meteorology of Tunisia, the regime of rainfall in Tunisia during the 20th century as a whole has been marked by relative stability. This century has also been marked by the alternation of dry penriods (1940) (1941) (1942) (1943) (1944) (1945) (1946) (1947) (1948) (1949) (1950) and wet periods (1950) (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) . However, the temperature is rising (1.1˚C) since the sixties. In addition to this increase, Tunisia appears to be suffering from an amplification of the process of erosion that can dry out the soil and increasing consequently the salinity of the water tanks. In addition, the elevation of the sea level due to global warming will have serious impacts on the coastline such as the contamination of groundwater in the coastal waters of freshwater by marine waters [2] [3]. Figure 3 . The extent of the arctic ice in the summer (million km 2 ) (a); evolution of the mean sea level (mm) (b) [1] .
In Morocco, water resources are limited, they are estimated at 20 billion m 3 , or an average of 700 m 3 /capita/ year, which corresponds to a situation of water stress high enough. The number of years with rainfall deficit is everywhere more important than the number of surplus years ( Figure 4) . As found by various previous studies (including that of the minister of public works, 2007), we distinguish two dry periods: 1980-1985 and 1990-1995 . However, the evolution of the temperature is steady and is increasing (Figure 5) . Among the impacts resulting, include: 1) the soil erosion under the effect of desertification causing the silting up of the reservoirs of the dams; 2) the increase in the salinization of water resources and soil; 3) the lowering of the piezometric levels of groundwater on one side and the increase in the level of the sea on the other, which creates in the coastal areas, a reversal of current, the result of which is the invasion of sea water into the aquifers [4] - [6] .
Essaouira Basin

Geographic Location
The Essaouira basin is located along the ocean in Morocco, specifically at the western end of the chain high atlas. This basin occupies an area of 1827 km². It includes several aquifer systems whose structures and resources are often poorly known. The most important of these aquifer systems belong to two units synclines: the unit of Bouabout located in the eastern part of the basin and the unit of Essaouira synclinal who represents the western part of the basin. The Tidzi diaper separates these two units ( Figure 6 ) [7] . 
Geological and Structural Context
In the Essaouira basin, the Triassic formations and Jurassic have outcrops very small and localized to the core of anticlines (jbel Hadid NW, jbel Amstétene to the SW and Tidzi diaper), while the tertiary formations and quaternary are found in the basins synclines. The Triassic is composed of red clay salt, basalt diabase and pelites sandstone. The Jurassic is composed of an alternation of carbonate deposits (limestone and dolomite) and clayrich evaporates (gypsum and anhydrites). While the cretaceous to the quaternary period are presented in the log stratigraphic synthetic [8] . The Essaouira basin is a broad syncline area open on the Atlantic Ocean. It is affected by several folds and accidents that allow the individualization of the many bowls synclines: i) the bowl of Bouabout occupying the upstream part of the basin, crossed by the River Igrounzar; ii) the bowl of Kourimat and iii) the synclinal basin of Essaouira (part of the basin) separate from that of Bouabout by the Tidzi diaper which shows the outcrop of the subterranean Triassic. These depressions give rise to aquifer systems (Figure 7 (a) and Figure 7 (b)) [8] .
-The profile EE' (Figure 8(a) ), made in the East on the upstream side of the basin shows that the basin of Bouabout is fragmented by faults of the East-West direction. The Wadi Igrounzar representing the power source of the bowl is set on a large flaw. To the North, there is a failover of the blocks up to the bowl of Ouled Moumen [9] .
-The profile DD' (Figure 8(b) ) direction SSW-NNE shows that the Bouabout bowl is sandwiched between two blocks reassembled corresponding to the jbel Ihchich and the jbel Tamsrirt. To the North, there is the bowl of Kourimat that installs between two large faults [9] .
-To the West of the upstream part of the basin (profile FF' (Figure 8(c) ) and from the South to the North, one finds the Bouabout bowl limited between the Zelten ledge and the Igrounzar wadi. The latter corresponds to the boundary between the basin of Bouabout and Meskala. The heart of the two basins is occupied by training Senonian [9] . The synclinal basin of Meskala and Kourimat (CC' (Figure 8(d)) ) are separated by jbel Jehair, where outcrop of the formations from the mid-cretaceous (vraconian) [10] .
-Downstream of the basin, the sections AA' (Figure 9 (a)) and BB' (Figure 9 (b)) show that this synclinal area is less rugged, with a low relief characterized by low hills. The core of the synclinal basin is occupied, respectively, from the top to the bottom by formations of plio-quaternary, Senonian, Turonian and Cenomanian. It is the headquarters of the two main reservoirs of underground water of the region: 1) the plio-quaternary is repre- sented by the training matrix sandstone with a hydraulic conductivity primary porosity, it is a slick free material of which the wall is formed by marls of the Senonien; 2) the Turonian, which comes through the suite contains a tablecloth quickly captivates the heart of which is made up of dolomitic limestone's surrounded by formations of Cenomanian (wall of water). It is in direct contact with the plio-quaternary on the edges of the bowl. The Triassic is represented by the red clay salt and basalt diabase is appears at the level of the Tidzi diaper to the east of the basin, with an orientation NNE-SSW over a length of 20km. This basin is limited by the Ksob wadi in the North, Wadi Tidzi to the South, the Atlantic Ocean to the West and the Tidzi diaper to the East [7] [10].
Climatic Context
According to the aridity index of De Martonne (1) in which the equation cited below, the Essaouira basin is located in a semi-arid zone, characterized by the interference of the influence of the ocean (disruption of the west), continental and mountain. The aridity is marked in the basin, especially in the summer, it is relatively increased in going from the Atlantic to the continent. This growth aridity is the result of the removal of the influence of the ocean, where rainfall decreases and temperature variations are increasing.
( )
With P: average annual rainfall in mm and T: annual average temperature in ˚C. At the level of the station Igrounzar, the temperatures show a very significant seasonal variation. In winter, the minimum temperatures can reach up to −11˚C, while the maximum is of the order of 40˚C to 45˚C [7] . According To the Ombrothermic diagram of Igrounzar station, and the hot season runs from March until October or even November, while the wet period lasts from November to march (Figure 10) . The rainfall varies from year to year around an average of 306 mm (Figure 11) . For the series of years stripped (1977-1978 to 2010-2011) , we note the wet years, the height of which exceeds the average (1987-1989, 1995-1997, 2005-2006, 2008-2010) . However, the rainfall show an irregular interannual striking. 
Piezometry
To have an idea on the evolution of the piezometric level in the of Essaouira basin, we will handle in a first time the cenomano-turonian water of Bouabout (upstream part) and in the second time the water plio-quaternary water This variation of the piezometric level can be explained by the combined effect of climate change and overexploitation.
Hydrochemistry
The study of the chemical process of water for the purpose of identification of its chemical facies, its quality and potability, as well as its suitability for irrigation. The piper diagram shows that the groundwater plio-quaternary have the same family, characterized by the facies chlorides-sodium (Figure 14 ) [11] . Based on the electrical conductivity and chlorides of the waters of this aquifer, it can thus have an idea about the quality of the waters and its evolution. At the temporal scale, the quality of the water rises from the driest year that knows Morocco (1995) in 2009 through the year modestly dry and rainy. Spatially, it takes a growing sense in going from the north to the south of the aquifer (Figure 15) . The temporal and spatial evolution of this quality is closely linked to rainfall.
Isotopy
In Essaouira basin, the hydrodynamic operation is strongly influenced by the structure (folds and faults), which determines the flow [7] . In the study area, the isotopes of the water molecule, the oxygen18 ( O-2 H indicates additional water evaporated. The other water points analyzed are aligned on the right of meteoric, which shows that the power of the water aquifer, including that of the Turonian aquifer is completed quickly without significant evaporation. The tritium is a radioactive element in the water cycle by precipitation. Its presence in groundwater with concentrations above 2 tritium units (UT) means a charging current [13] . By contrast, the water levels of less than 2UT are considered without active recharge [14] . For Morocco, the levels of precipitation is estimated to be about 5UT [15] . Thirteen points of water capturing the various aquifers (except the Hauterivian) in the coastal area of Essaouira have been selected for the assay of tritium in their waters. The results are compiled in Table 2 and Table 3 . The contents of tritium varied between a minimum value less than 0.8 UT and a maximum value of 4 UT. It follows from Table 2 that the recent waters in the coastal area of Essaouira contains levels of tritium between 2 and 4 UT. This is the case of water points 272/51, 65/51, 327/51 and 386/51, comforted by the elevated activities in 14 C. Therefore, the points of which the content is less than 2 UT are considered old waters, such as the case of points 21/51, M98, 216/51, 218/51, 361/51, 380/51, 290/51 and Aghbalou spring, some of which have been the subject of analysis in the 14 C to confirm or disprove the hypothesis. the levels of tritium water providing drinking water to the Essaouira city. These waters are sampled in May 2004, and the analyses were performed in the institute of technology of Savacém in Lisbon. The levels of tritium contained in Table 2 vary from a minimum value less than 1.1 UT to a maximum value 4.2 UT. From this table we can derive that, recent waters in the coastal area of Essaouira contains levels of tritium above 2UT. This is notably the case of the water points 272/51 (borehole Idda-Ou Gourd) and 386/51 (borehole aerodrome) which feed, respectively, in drinking water for the Essaouira city and Idda-Ou-Gourd, comforted in it already by the results of 1996. Therefore, the campaign May 2004 confirms charging recent of these points. In contrast, the water levels are lower than or equal to 2UT are considered old waters, this is the case of points 261/51, 390/51, 346/51, 61/51 and M98. The Turonian aquifer water, which provides drinking water for the Essaouira city, for more than 50%, especially the boreholes of more than 300 m deep 346/51 and 390/51 and the spring 6/51 show levels of tritium less than or equal to 2UT [10] . The new deal of the 2004 campaign for the analyses of tritium is charging low or no existent for the plio-quaternary boreholes, particularly the drilling 261/51 that sustains for more than 6l/s the Essaouira city. This is supported by its remote position Ksob wadi which food during floods the water points adjacent. The carbon14 is the radioelement the most used to date ancient waters with very low tritium content. Seven points of water in the coastal area of Essaouira have been chosen for the determination of 14 C in their waters ( Table 2) . To estimate the initial activities of 14 C in these ground waters, several models were tested ( Table 4) . These different models can take into account the chemical dilution of the 14 C of the isotopic mixtures, or mixtures of isotopes with isotopic exchange. The analysis of Table 2 and Table 4 identifies that: the two water points 65/51 and 386/51 have significant assays in 3 H and percentages in 14 C higher than 85%, which makes them, as well as current. The well 65/51 located near the Ksob wadi, collects water from the Turonian aquifer provides the Essaouira city in drinking water. This well present a content 18 O of −4.53 intermediate value between the isotopic content of −4 of water plio-quaternary and −5 of Turonian waters, indicating a drainance pumping of the aquifer plio-quaternary. The borehole 386/51 capturing the waters of the Turonian aquifer supplies drinking water to the airfield of the Essaouira city. The borehole M98, which has no detectable 3 H and has a 14 C content of 80%, shows a power prior to the nuclear tests of the years 1952 to 1963, and its radiocarbon age may not exceed a few hundreds of years regardless of the interpretation model used. The borehole 390/51 capturing the waters of the Turonian aquifer, which supplies the Essaouira city with a debit of 60 l/s, which is 50% of the water needs. This drill has a radiocarbon age of the order of 6500 years after the model of the IAEA, a little lower, but still several thousand years according to the other models. This reflects that it is in the presence of a water-very old and is in the process of exhausting a strategic resource, which could be used in extreme cases. The drilling 380/51 capturing the waters of the Turonian aquifer is located in the same position as the drilling 390/51. This drill has a radiocarbon age greater than 20,000 years regardless of the model used, indicating also the low rate of renewal of the Turonian water. The current activity in the 14 C of the Aghbalou spring that deaf aquifer Barremian-Aptian, providing drinking water and drank herd of a population of 10,000 peoples, with a flow rate of 30 l/s, has a tritium content of less than 2UT. His power is, therefore, prior to the nuclear tests and its radiocarbon age is of a few hundreds of years regardless of the model.
Conclusion
Warming of the climate system is unequivocal, it is closely related to human activity. Among its consequences: The warming of the atmosphere and ocean, extended the reduction of the ice caps that in turn leads to rising sea level. In addition to demographic pressures, cultural practices and pastoral and climate change makes the Maghreb countries (Algeria, Morocco and Tunisia) in alarming water situation shown by: 1) drought which accentuates the desertification phenomenon; 2) enhancement of soil salinity and lowering groundwater levels groundwater. The complementarity of approaches hydroclimatic, hydrodynamic, hydrochemical and isotopic can lead to the diagnosis of aquifers vulnerable state of the Essaouira Basin to climate change. However, the development of a rational strategy for groundwater exploitation takes place in order to mitigate the effect of climate change. Such the case for treated wastewater for irrigation and seawater for drinking water supply.
